Sodium dodecyl sulfate-gel electrophoresis and fluorography technology revealed that pathogenic Trichomonas vaginalis was able to acquire numerous loosely associated plasma proteins during incubation in normal human plasma. These proteins were readily removed by repeated washing of the parasite in phosphate-buffered saline. Plasma proteins avidly bound to the surface of T. vaginalis were also detected using a highly sensitive and specific agglutination assay with protein A-bearing Staphylococcus aureus pretreated with monospecific antiserum directed against individual human serum proteins. These avidly associated plasma proteins could not be removed by repeated washing in phosphate-buffered saline or by treatment of washed, live organisms with surfacemodifying reagents such as trypsin and periodate. A combined radioimmunoprecipitation-gel electrophoresis-fluorography methodology indicated that parasite biosynthesis of hostlike macromolecules was not responsible for the observed agglutination and reinforced the idea of trichomonal acquisition of plasma components. Finally, incubation of trichomonads with plasma in various buffers at different pH values did not alter the agglutination patterns. These and other data suggest that specific membrane sites mediate trichomonal binding of host oroteins. The biological significance of our results is discussed.
Trichomonal vaginitis, caused by Trichomonas vaginalis, is a sexually transmitted disease characterized by severe inflammation of the vagina, foul-smelling urogenital-vaginal discharge, severe discomfort, and tissue cytopathology (3, 16, 24) . In men, the clinical picture of trichomonal urethritis remains controversial (24) . Also, asymptomatic infection is known to occur in both men and women (16) . The disease is accountable for significant economic loss in this country and represents the most frequently acquired protozoan infestation (32) . Present knowledge of possible mechanisms of disease pathogenesis, however, is minimal. For example, the interactions between parasite and host tissue are not well defined (7, 10, 14, 15, 18, 25) , and factors responsible for cellular cytopathogenicity have not been elucidated (10, 17) . Biochemical characterization of the trichomonal surface has not been accomplished; therefore, no specific virulence determinants or immunogens have been identified. Equally important, information on host humoral or cellular immunological responses to infection with T. vaginalis remains deficient (13, 19, 27) .
Parasite modulation, neutralization, or evasion (1, 3, 6, 8) of host immune mechanisms dictates that a more critical analysis of the interaction between the surface of pathogenic microorganisms and host macromolecules is necessary. Ultrastructural studies with fresh isolates of T. vaginalis have demonstrated a hostderived surface coat readily lost during in vitro cultivation (5, 30) . Unfortunately, the nature of the material adsorbed onto the trichomonal surface remains undefined. The association of immunoglobulin with extensively washed or formaldehyde-fixed trichomonads has, however, been reported (12, 13) .
Because host immune factors present in the vagina could be effectively neutralized by a surface coat of host macromolecules, these observations may be relevant to understanding some aspects of disease pathogenesis in this model system. Thus, studies which assess the binding of host tissue or serum components to pathogenic T. vaginalis are a prerequisite for our understanding of this host-parasite relationship and should contribute to our knowledge of the biology of this microorganism. In this report, we demonstrate the ability of pathogenic T. vaginalis to loosely and avidly bind numerous human plasma proteins and discuss the biological relevance of our observations. Muller (29) , Rockefeller University, New York, N.Y. (strains 286, 272, and IR78), or purchased from the American Type Culture Collection, Rockville, Md. (strain 30001). All were pathogenic based on lesion development after subcutaneous inoculation of 0.5 ml of medium containing S x 106 organisms into the hindquarters of 6-to 8-week-old BALB/c or C57BL/6J mice (16, 20) .
Conditions for growth. Organisms were maintained in an air atmosphere at 37°C by daily passage in screwcapped tubes (15 1 ) were utilized.
Radiolabeling of trichomonads and binding of human plasma proteins. Trichomonal growth medium (100 ml) inoculated with 2.5 x 106 T. vaginalis organisms was radiolabeled with 5 ,uCi of [35S]methionine (specific activity, 1,500 Ci/mmol; Amersham Corp., Arlington Heights, Ill.) per ml for 24 h at 37°C in an air atmosphere. Trichomonads were then dispensed into 10-ml volumes and centrifuged (500 x g, 10 min), and pelleted organisms were washed twice with phosphate-buffered saline-maltose (PBS-M; 137 mM NaCl, 2.7 mM KCl, 4.6 mM Na2HPO4, 1.5 mM KH2PO4, 15 mM maltose) before suspension in 1 ml of HI human plasma. After a 30-min incubation at 37°C and continuous gentle shaking, organisms were pelleted and the supernatant was discarded. Parasites were then processed for gel electrophoresis as described below. Duplicate tubes handled identically but without organisms were also included as controls for these studies and showed no nonspecific binding of plasma proteins to tube walls. Human (Bio-Rad Laboratories) with a constant current of 15 mA per gel. The current was increased to 30 mA per gel after penetration of the tracking dye into the separating gel. The total time for electrophoresis was 4 to 6 h for 12-cm slab gels. Gels were stained with Coomassie brilliant blue (Sigma Chemical Co., St. Louis, Mo.), destained, and processed for fluorography by the dimethyl sulfoxide-diphenyloxazole (Fisher Scientific Co., Houston, Tex.) procedure previously described (1, 4) . X-ray film (X-Omat, ARS; Eastman Kodak Co., Rochester, N.Y.) was then exposed to the gels for various lengths of time at -70°C before development.
Antiserum reagents used in agglutination assays. Commercially available normal rabbit, goat, and horse sera were used as controls in these experiments. High-titer monospecific antisera were obtained from animals hyperimmunized to specific serum proteins (Cappel Laboratories, Cochranville, Pa.). Immunoelectrophoresis of each antiserum was performed by Cappel Laboratories and in our laboratory, and each antiserum reacted monospecifically with the respective host protein and fresh human serum. Sera against transferrin and lipoproteins A and B were rabbit antihuman; sera against a2-macroglobulin, fibronectin, fibrinogen, immunoglobulin M (IgM), and a1-antitrypsin were goat anti-human; and sera against IgG and IgA were horse anti-human. No reactivity of these monospecific serum reagents with T. vaginalis antigens was detected using Ouchterlony double diffusion and radioimmunoprecipitation technology (1, 2, 22; K. M. Peterson and J. F. Alderete, submitted for publication).
Antiserum against total normal human plasma proteins was generated in New Zealand white rabbits injected subcutaneously and intramuscularly with a mixture of 0.5 ml of normal human plasma and 0.5 ml of Freund complete adjuvant (GIBCO Laboratories, Grand Island, N.Y.) followed by booster injections 2 and 4 weeks later with equal amounts of normal human plasma in Freund incomplete adjuvant. Rabbits were bled 14 days post-booster immunization, and the sera were stored at -70°C until use. Control prebled rabbit serum was tested for parasite reactivity before use in the agglutination assay. 
RESULTS
Growth characteristics. Significant self-agglutination and settling out of organisms occurred after 24 h of in vitro growth in either HI horse serum or HI human plasma and correlated with a rapid decline in total motile cells (Fig. 1) through treatment of T. vaginalis with surface modifying reagents before incubation with IgGcoated staphylococci. We reasoned that treatment with protease might either cause release of acquired plasma proteins (1) or modify bound host proteins, resulting in a decrease in the agglutination index. Table 1 shows that treatment with either 10 mg of trypsin per ml or 10 mM periodate for 15 min did not decrease the extent of agglutination. Proteinase K, pronase, and neuraminidase also did not affect protein Abearing S. aureus-IgG-parasite agglutination (data not shown). No loss in cell viability was detected with either protease or periodate treatment based on parasite motility and exclusion of trypan blue. DISCUSSION Trichomonal vaginitis is a sexually transmitted disease responsible for significant morbidity in both men and women (16, 17, 32) . The causative agent, T. vaginalis, is the most frequently acquired protozoan infestation in this country; yet few data are available on key areas of this host-parasite interaction which would yield information on a possible mechanism(s) of disease pathogenesis. Because of our interest in using up-to-date technology to study the biology of this parasite and identify virulence determinants useful as future vaccinogen or immunodiagnostic reagents, our initial strategy was to examine the interaction between trichomonads and host macromolecules.
These studies were designed to demonstrate the acquisition of specific host proteins by live motile T. vaginalis. Pathogenic trichomonads possessed the ability to adsorb plasma proteins readily removed by repeated washings (Fig. 2) . The nature of the interaction between loosely bound host proteins and trichomonal membranes is not known, although the enrichment for these proteins from plasma may be indicative of specific low-affinity sites present on trichomonads. Coating of parasite surfaces with host molecules may represent a mechanism by which immune factors in the vagina are effectively neutralized, allowing for survival in an otherwise hostile environment early in infection or (7, 10, 15, 17) .
The presence of human plasma proteins not detectable by gel electrophoretic analysis and which could not be removed by repeated washing of organisms was evaluated with a highly sensitive agglutination assay. Fixed protein Abearing S. aureus pretreated with antiserum monospecific against individual plasma proteins or antiserum against whole plasma mediated agglutination of trichomonads (Fig. 3) . The ability to avidly bind plasma proteins may reflect a mechanism by which pathogenic trichomonads sequester biologically important host macromolecules and may have important implications for this host-parasite relationship. For example, foci of infection might alter biochemical processes in hormone-responsive tissue due to the concentration of cellular growth-promoting substances on parasite surfaces. Hyperplasia of vaginal epithelium after trichomonal infection (10, 16, 17, 23) has been reported. Alternately, parasite membrane integrity or modulation of membrane fluidity (11) may be influenced by host-derived substances. Of interest, therefore, would be research directed toward elucidating the biological function of plasma or tissue components preferentially acquired by T. vaginalis.
Controversy exists in the literature about the nature and extent of tissue cytopathology in infected individuals (7, 10, 14, 15, 17, 18, 25) . Whereas an intimate association between vaginal epithelium and trichomonads has been described previously (14, 25, 30) , factors potentially responsible for observed cellular pathophysiology have not been identified. We believe that complexes between the surface of pathogenic microorganisms and host macromolecules may induce the formation of novel immunodeterminants with the potential for eliciting autoimmune reactions. Additionally, these host-parasite protein complexes could be responsible for local or generalized tissue inflammatory responses.
Avidly associated plasma proteins were not displaced from the trichomonal surface by protease or periodate treatment (Table 1) . Neuraminidase-like substances elaborated by pathogenic trichomonads have been reported previously (17) and the lack of decreased agglutination after periodate treatment may reflect an absence of susceptible carbohydrate moieties on the parasite membrane. Alternately, gross modification of acidic carbohydrate residues on the cell surface without affecting agglutination may suggest noninvolvement of sugars in plasma protein binding. Of interest was the inability of proteases at relatively high concentrations to adversely affect agglutination. No modification of the total trichomonal protein profile was detected after trypsin treatment as determined by Coomassie brilliant blue staining and fluorography (Fig. 2, lanes 2 and 3) . Trichomonal membrane components or host-derived substances such as a2-macroglobulin and a1-antitrypsin (Table 1) may be effective inhibitors of serum proteases (21, 28) . Identification of tissue or serum macromolecules bound to surfaces of pathogenic trichomonads, therefore, might allow elucidation of macromolecules which contribute to microbial survival through inactivation of host protective factors (proteases) which reside in mucous secretions. This paper represents the foundation for continued studies in our laboratory aimed at biochemical analysis of parasite acquisition of host macromolecules.
